The paper proposes a method of assessing the potential risks of the future development of stands in relation to a climatic change. To assess risks of the future development of a stand simple point scales have been worked up based on primary properties of a site and a stand according to data of the forest management plan (FMP). In assessing the health condition, the risk of damage to stands by Armillaria sp. in the felling age was evaluated on the basis of a present attack by Armillaria sp. and also defoliation of the crown primary structure assessed during a simple field examination. The evaluation was carried out in the region of the Křtiny Training Forest Enterprise (TFE) Masarykův les, ranger district Proklest, in 2002. The study was conducted in 118 Norway spruce stands aged more than 20 years. The majority of evaluated stands ranked among the category of high and medium risk from the viewpoint of site and stand risks and among the category of high Armillaria sp. attack.
JOURNAL OF FOREST SCIENCE, 50, 2004 (6): 256-262 According to the global scenarios of the climate development, viz. both the scenario of Business as Usual developed by IPCC or other global (e.g. Goddard Institute of Space Studies or Geophysical Fluids Dynamics Laboratory) and regional scenarios, in the region of the Czech Republic in 2030, it is possible to expect annual mean temperatures higher by 1.9-2.6°C as compared with 1990. In addition to the increased mean temperature it is possible to expect also higher irregularity in the course of precipitation and changes in some other climatic characteristics (KALVOVÁ et al. 1995) . Naturally, all these factors will cause marked changes in the possibility to grow spruce particularly at lower and medium locations.
From the viewpoint of a forest manger, it is important to know potential risks of management and to have a possibility to specify them at least partially for particular units of the forest-management classification of forests. Thus, we tried to find criteria and to propose a method of the evaluation of potential risks of the future development of forests with spruce in relation to the climatic change (CC). We also tried to verify the use of some parameters for assessing the present health condition of Norway spruce in these stands. Evaluation which should be available for larger units in usual forest practice has to be based on easily detectable parameters. We selected, therefore, standard parameters contained in forest management planning, i.e. included in a "forest management book" of the FMP (evaluation of risks) or parameters which can be determined by simple field examinations (evaluation of the present health condition). The objective of the evaluation is to make possible to rationalize management in terms of priority measures and to increase care of stands with higher risks in relation to CC or worse health conditions.
MATERIAL AND METHODS
In 2002, we tried to evaluate the present health condition and potential risks of stands with Norway spruce in the region of the Proklest ranger district, Forest District Křtiny, TFE Křtiny Masarykův les. The Proklest ranger district belongs to the 4 th forest vegetation zone (FVZ) (93% of the stand area) and to the 3 rd FVZ (7% of the stand area). Spruce covers about 60% of the stand area (see Tables 1 and 2 with the proportion of spruce (according to FMP) > 50% were evaluated. Generally, it refers to 118 stand parts, 36 of them in the 3 rd and 92 in the 4 th FVZ. To assess risks of the stand future development we proposed simple point scales based on primary properties of a site (forest vegetation zone and ecological series) and a stand (species composition and age structure) according to the FMP (see Table 3 ). Evaluation of site factors results from a forest vegetation zone which describes most markedly climatic characteristics of a site. The smallest degree of risk of the 6 th forest vegetation zone (FVZ) is based on our present findings on vitality and adaptability of spruce stands in various regions of the Czech Total value for stand factors 1.0-6.6
Total value for site and stand factors 2.0-13.1
Republic. The findings were obtained within surveys for the National Climatic Programme as well as within other studies. Spruce stands in the 6 th FVZ appeared to be by far most vital, with the highest potential for a response to the global change of climate. As a correction factor a coefficient was used based on an ecological series in terms of the UHÚL (Institute for Forest Management Planning) typological system (taking into consideration the trophic and hydric regime of soils in relation to potential risks). The extreme series is considered to be most risk especially with respect to the expected higher frequency of climatic extremes which will significantly affect the already existing high stress load of spruce at these localities. It refers to consequences of short-term droughts in particular. Moreover, communities of extreme series are generally very sensitive to changes in ecological conditions (VINŠ et al. 1996) . Series affected by water and a nutrient-rich series with the high risk of stand disintegration follow.
Another scale specifies stand risks and represents the way of stand establishment and its basic properties. Species composition was selected as a basic determining factor (proportion of spruce and autochthonous species). The stand age structure and its age were chosen as parameters specifying risks through coefficients. Classification of stands according to age into two different categories, viz. ≤ 60 years and > 60 years comes from present findings and the capability of spruce stands to adapt to unfavourable conditions (JANKOVSKÝ, CUDLÍN 2002) . About 60 years of age, marked impairment in the health condition and symptoms of premature senescence occur as noticed for example by MADĚRA et al. (1999) . We suppose, therefore, a little smaller risk of unfavourable development in younger stands which should have a possibility to use their adaptation potential better than older stands.
Results consist in a "point evaluation" which is a relative measure of risks of the stand future development under a CC. Although it refers to the rough general expression only of the rate of risks it makes possible to formulate an idea on the relative danger to particular stand parts within the given management unit. Based on the evaluation of site and stand risks the stand parts were classified into 5 categories (Table 4) . In the same stand parts, the present health condition of spruce was assessed during field inspections, viz. attack by and degree of the primary structure defoliation. Stands were classified into visually assessable categories for particular parameters of evaluation.
In assessing the present attack of stands by Armillaria sp. the percentage was estimated of attacked trees in categories given in Table 5 ; every tree with any symptoms of attack was considered to be an attacked tree (butt swelling, fruit bodies, syrrocium, rhizomorphs). For the purpose to compare estimates of risks of Armillaria damage in the felling age for stand parts of various age the point value of an attack is multiplied by coefficients according to age. In a young stand, a certain percentage of attacked trees can indicate a critical health condition in the future while in an old stand, the same percentage of attacked trees appears to be a manifestation of ageing and will not be increased. The correction of age thus takes into account the progressive course of decay, i.e. a fact that e.g. at the attack of 60% trees at an age of about 40 years it is possible to expect attack of 80-100% trees at an age of about 80-100 years. According to the risk of damage to stands by Armillaria sp. at the felling age we propose to classify stand parts into three categories (Table 6 ).
In assessing defoliation of the crown primary structure (CUDLÍN et al. 2001 ) the defoliation was estimated for the whole stand in categories given in Table 5 in the course of an inspection round to stands. A total defoliation was not determined with respect to the fact that it reached relatively low average values (up to 20-30%) in all stands not differing noticeably even in stands of different age.
RESULTS
In the region under evaluation, stands with high and medium potential risk predominate (see Table 4 ), generally 93%, in detail see Fig. 1 . A higher risk is shown by stand parts in the 3 rd FVZ (mean point value 9.2) than stand parts in the 4 th FVZ (mean point value 7.7). Of 36 stand parts included into the 3 rd FVZ, 31 (86%) show a high risk and 5 a medium risk.
In assessing the risk of damage to stands by Armillaria sp. in the felling age, the lowest point value of 2.6 was found in one stand part aged 54 years, the highest point value of 6.0 was found in three stand parts at an age of 30 to 39 years. At present, evaluation of the risk does not show any significant differences between particular age categories (see Fig. 2 ); values of attack in younger stands up to 40 years of age only (20-29 years -3.8; 30-39 years -3.7) are slightly lower. None of stand parts under investigation ranks among the category of low damage by Armillaria sp. (see Table 6 ), 19 stand parts rank among the category of medium damage and remaining 99 stand parts rank among the category of high damage to stands. Relationships have not proved between the risk of Armillaria damage and FVZ (the 3 rd FVZ as against the 4 th FVZ) and to compare ecological series, the material is not sufficient with respect to the evident dominance of a nutrient-rich series.
Results of evaluation of the primary structure defoliation of spruce crowns according to age categories are given in Fig. 3 . The primary structure defoliation increases with the stand age and a dependence has not been proved on the proportion of spruce in a stand or on site conditions (the 3 rd as against the 4 th FVZ). The material is not, however, sufficiently numerous for more detailed comparisons of particular age categories. At an age between 60 and 70 years, it reaches on average a point evaluation of 3 corresponding to 40-60% defoliation, in older stands average defoliation of the primary structure is higher than 50% the internal tolerance of trees to stress impacts being exceeded (CUDLÍN et al. 2001) .
DISCUSSION AND CONCLUSIONS
From the viewpoint of the future development of stands, the predominant majority of stand parts with spruce in the studied locality is evaluated as medium to high risk parts. At present, spruce in the 3 rd and the 4 th FVZ is already out of its optimum (according to various sources, mean temperatures up to 6°C and precipitation over 800 mm can be considered to be an optimum). Further unfavourable changes in conditions will result in significant increase in its threat. Nevertheless, high threat to spruce in relation to expected increase in temperatures by about 2°C in localities with a mean annual temperature over 7°C (i.e. roughly the present mean temperature in the 4 th FVZ in the Křtiny TFE) was noticed even sooner (THOMASIUS 1992 in VINŠ 1996 .
The proposed methodology of risk evaluation of the further development of stands based on data from a FMP makes possible simple comparisons of particular stand parts within the selected unit of forest division (in our case for a ranger district -RD). Its application in the region of the Proklest RD resulted in assumed conclusions corresponding to outcomes from previous surveys in the given area (JANKOVSKÝ, CUDLÍN 2002; MADĚRA et al. 1999) and elsewhere under comparable conditions (GRABAŘOVÁ, MARTÍNKOVÁ 2000 . Methods used in the study were proposed with special reference to conditions occurring at medium altitude condition; to compare stands under different spectrum of conditions it would be suitable to elaborate similarly structured systems of evaluation separately for particular types of natural conditions and methods of management preferably for management sets of stands (made up for forest management purposes and based on principles of forest typology; basic units of general planning). These methods should be based on parameters used in the presented methodology possibly completed by some other parameters. Such a methodology will make possible to set more precisely particular parameters and better to compare risks of the stand disintegration under situation without or with the effect of a CC. In the monitored region, Armillaria sp. occurs as a marked biotic factor decreasing vitality and reducing competition possibilities of spruce in relation to other species. The high predisposition for attack is formed particularly by the stress load of spruce owing to summer droughts and also high temperatures in the growing season. It is possible to expect that Armillaria sp. will occur in possible destabilization and disintegration of spruce stands due to the climatic change. Authors of the monitoring of stands in the Křtiny TFE in 12 ICP plots in 2001 (JANKOVSKÝ, CUDLÍN 2002) came to the same conclusions. The proposed methodology of assessing the risk of damage to stands by Armillaria sp. in the felling age eliminates a marked dependence of the damage on the stand age making possible to compare stands of various age. With respect to simplicity it can become one of parameters for areal assessing the further development of the health condition of spruce particularly in the 3 rd and 4 th forest vegetation zones. Monitoring the primary structure defoliation has demonstrated its marked relationship to the stand age. Therefore, the monitoring is important in older stands only where together with other parameters (total defoliation, the crown transformation degree) it shows evidence of the present response of spruce stands to the integrated effect of stress factors and their expected response to other changes in site conditions (CUDLÍN et al. 2001) .
